More than 300 sera from patients with a connective tissue disease were analyzed with the immunoblotting technique. The presence of autoantibodies against an 86,000-mol wt marker antigen for diffuse scleroderma (Scl-86) was found in 14 out of 33 patients with scleroderma. The presence of anti-Scl-86 antibodies seemed to correlate with the diagnosis of diffuse scleroderma since they were found in 13 out of 22 diffuse scleroderma patients and in only one out of 11 patients with limited scleroderma. All scleroderma sera (33 patients' sera and 13 reference sera) were also tested for the presence of anti-Scl-70 antibodies. It was found that all anti-Scl-70 positive sera (n = 25) contained anti-Scl-86 antibody as well, suggesting a relationship between these two antigens. However, the Scl-86 antigen was shown to be an extremely insoluble nonchromosomal protein, resistant to boiling in sodium dodecyl sulfate. This contrasts with the Scl-70 antigen, which has been described as a thermolabile, soluble antigen present in the chromatin fraction. Together, our results are consistent with the idea that Scl-70 is a degradation product of Scl-86.
Introduction
Circulating autoantibodies in patients with connective tissue diseases are mostly directed against macromolecular components involved with the protein synthetic machinery, such as DNA, small nuclear RNA-protein particles, nucleolar components, and a variety of nonhistone protein complexes (1) . Some of these autoantibodies might also be a marker for specific syndromes. Anti-ribonucleoprotein (RNP)I, anti-Sm-, and anti-La/SS-B antibodies, for instance, are thought to be characteristic for mixed connective tissue disease (MCTD), systemic lupus erythematosus (SLE), and Sjogren's syndrome (SS) (1) (2) (3) , respectively, and each of these antibodies recognizes specific particles containing small nuclear RNAs and antigenic proteins (4) (5) (6) (7) (8) (9) . Due to this circumstance, diagnosis has been facilitated by subjecting the sera to specific immunological tests, such as indirect immunofluorescence techniques, immunodiffusion, counterimmunoelectrophoresis, and more recently, immunoprecipitation and immunoblotting (4) (5) (6) (7) (8) (9) .
Apart from the reported antibodies to nucleolar RNPs and laminar proteins in single scleroderma sera (10, 11) , three types of autoantibodies have been suggested to be associated specifically with progressive systemic sclerosis: (a) antibody to centromere/kinetochore, reported to be a marker antibody for the Calcinosis, Raynaud's phenomenon, esophageal dysmotility, sclerodactyly, and telangiectasia (CREST) variant (12, 13) ; (b) antibody to a basic, labile, chromatine-associated, nonhistone 70,000-mol wt nuclear protein (Scl-70) (14, 15) ; and (c) antinucleolar antibody ( 16) , which might be specific for scleroderma or diseases with scleroderma overlap features.
Anti-nucleolar and anti-centromere antibodies can in most cases be visualized by indirect immunofluorescence techniques, using tissue culture cells as substrate (13) . Determination of anti-Scl-70 activity is achieved by immunodiffusion against KCI-extracts of rat liver nuclei (14) or freshly prepared rabbit thymus extracts (15) .
To find out if the application of the immunoblotting technique could possibly yield more information on the molecular composition of the antigens recognized by scleroderma sera, we subjected various patients' sera, and several Scl-70, and anti-centromere reference sera to this procedure. Our results revealed the presence of autoantibodies against a 86,000-mol wt nuclear antigen (Scl-86), which were found almost exclusively in the sera of patients suffering from diffuse scleroderma. Furthermore, these antibodies were rarely found in centromere-staining sera from CREST patients, suggesting that the presence of antibodies to Table I ). Immunodiffusion analysis using a freshly prepared extract of rabbit thymus powder revealed the presence of anti-Scl-70 activity in 12 of these sera. From hospitals in Vienna, Austria; LaJolla, CA; and London, England, we obtained 13 other sera with anti-Scl-70 activity. All these sera, except one with unknown diagnosis, were from patients with diffuse scleroderma, and immunofluorescence on cultured cells, in most cases, showed the typical grainy nucleoplasmic staining shown in Fig. 1 .
For retrospective analysis, a third group of sera was obtained from patients suffering from Raynaud's phenomenon, in the early 1970's when they first entered the hospital. Serum from these patients was collected in 1978, 1980, and 1982. 6 out of 18 patients developed scleroderma in the course of 5-10 yr.
The control group of sera consisted of >230 sera from patients suffering from all types of other connective tissue diseases, including 11 patients with the (C)R(E)ST variant of scleroderma (see Table II ). Furthermore, 54 sera from healthy individuals were used as a control.
Immunoblotting ofpatients sera. Immunoblots were used to detect polypeptides carrying determinants recognized by antibodies present in the sera described above. When total nuclear protein from purified HeLa cell nuclei (see Methods) was used as the antigen source, most sera were found to recognize one or more polypeptides on the blot. After screening several hundred sera in this way, we could establish that several more-or-less standard blot profiles could be recognized. For example, anti-RNP sera (mostly from MCTD patients) recognize in most cases a 70,000 and/or a 31,000-mol wt polypeptide (the A protein [5] ) and/or a 19,000-mol wt polypeptide (the C protein [5] ) (Fig. 2, lanes 1 and 3) . There is, however, a considerable variation in the blot patterns of these types of sera (18) , even among sera precipitating only the complex of U-l-small nuclear RNA with proteins (U-I snRNP) particle (Habets et al., manuscript submitted for publication). Anti-Sm sera always recognize a protein doublet of 25,000 mol wt (the B-B' doublet [5] ) and a polypeptide of 13,000 mol wt [the D protein (5); see also Fig. 2, lanes 2 and 3] . Anti-SS-B (anti-La) sera always recognize a 50,000-mol wt antigen ( [9] ; see also Fig. 2, lane 4) .
In the routine screening of sera from scleroderma patients, we observed that a number of patients with clinically defined CREST syndrome recognized a 17,000-mol wt antigen (Fig.  2, lane 5; and S. 0. Stapel, manuscript in preparation), while patients with the diagnosis diffuse scleroderma showed activity against an 86,000-mol wt protein (Fig. 2, lane 6) . From 22 patients with diffuse scleroderma, 13 sera (60%) contained antibody against an 86,000-mol wt protein (Table I, Fig. 3 ). Only in four other patients (one polymyositis, one CREST, and two SLE) out of a few hundred, the 86,000-mol wt band was found in the blot pattern, supporting the idea that this antigen is specifically recognized by antibodies produced in diffuse scleroderma patients (Table II) . For convenience, we will refer to this antigen as Scl-86.
It has been described that Scl-70 could be a marker antigen for scleroderma (14) , although anti-Scl-70 antibodies were detected in only a low percentage of the patients (15, 16 described above indicate that the Scl-70 antigen might be a (proteolytic) degradation product from the Scl-86 antigen found by immunoblotting. Therefore, the possibility that these antigens were related to each other was examined.
A freshly prepared HeLa cell nuclear extract (see Methods) was incubated at various temperatures and for different periods of time to allow degradation of the antigens in vitro by endogenous nuclear proteases. A similar protocol showed earlier that the SS-B antigen of 50,000 mol wt is degraded rapidly to lower molecular weight products still carrying the SS-B specific determinants (9) . Indeed, the Scl-86 antigen is degraded during incubation of the nuclear extract, and intermediate degradation products of 82,000, 76,000, 72,000, and 64,000 mol wt appear while two smaller intermediates of 49,000 and 47,000 mol wt, respectively, accumulate (Fig. 4) . The 76,000 and 64,000-mol wt, but also the 49,000 and 47,000-mol wt intermediates are still present after longer incubation times, suggesting that these intermediates are more stable degradation products. It is possible that the accumulating species of 64,000 or 49,000 and 47,000 mol wt are identical with the Scl-70 antigen isolated by Douvas et al. (14) .
The amount of antigen that can be immunoblotted in lanes 2, 3, and 4 (particularly the proteins of molecular weight 47,000 and 49,000) seem to be much greater in concentration than the 86,000-mol wt protein band. This is probably caused by the well known phenomenon that low molecular weight proteins are more efficiently transferred to nitrocellulose than high molecular weight proteins (20 Fig. 5 . The fractionation procedure used seems to succeed in separating groups of proteins belonging to physiologically different cell compartments (see Coomassie Blue stained lanes, Fig. 5 A) . Using similar gels for the immunoblotting, we found that, for example, the SS-B antigen is primarily localized in the cytoplasmic fraction (Fig. 5 B, lane 2) . This confirms our earlier observation that >80% of the cellular SS-B antigen is present in a soluble or easily extractable form (9) . Part of the SS-B antigen, however, is found in the nuclear matrix fraction (Fig. 5 B, lane 6 Immunoblotting was performed as described in the legend of Fig. 2 . The blot strips were incubated for I h with horseradish peroxidase conjugated anti-human IgG, and peroxidase activity was detected by incubating the washed blots in phosphate buffered saline (10 mM phosphate buffer in 0.9% NaC1, pH 7.5) containing 4-chloro-lnaphtol (0.5 mg/ml) and H202 (0.06%). B 16, reference serum containing anti-Sm and anti-RNP antibody; B 5, B 10, B 11, R 11, and L 18, anti-Scl-86 positive sera; 1, 2, and 3, anti-Scl-70 reference sera.
detected only in the water-insoluble nuclear matrix fraction (Fig. 5 B, lane 6) . Such results were consistently obtained using various anti-Scl-86 sera.
Presence ofScl-86 antigen in nuclei from rabbit tissues. To determine whether the Scl-86 antigen was also present in nuclei from other types of cells, we prepared nuclei from various cultured cell lines and from rabbit tissues like thymus, spleen, and liver (18) . Total protein extracts from these nuclei, prepared as described in Methods, were blotted and the blots were incubated with Scl-86 positive serum G 2. In all extracts, the Scl-86 polypeptide was the predominant antigen recognized by the patients' autoantibodies (not shown).
We also tested whether Scl-86 was present in the ENA preparation made from commercial rabbit thymus powder. When the ENA was prepared according to the procedure described by Kurata and Tan (22) , no Scl-86 antigen could be detected on the blots (data not shown). The same result was obtained when protease inhibitors were included in the extraction buffer, corroborating the insoluble character of this particular antigen. Moreover, also after sonication (14, 23) , the ENA extract did not contain detectable amounts of the Scl-86 antigen (data not shown).
Possible prognostic value of anti-Scl-86 antibodies. It has been described that anti-centromere/kinetochore antibodies M 1 2 3 4 Figure 4 . In vitro degradation of the Scl-86 antigen. Total HeLa cell nuclear protein fraction was prepared as described in Methods using 0.5 mM PMSC as an inhibitor of proteolysis. Incubation was performed at 37°C and aliquots were removed after 1, 2, and 16 h, solubilized in 2% SDS containing sample buffer, and analyzed by immunoblotting (via a 10% polyacrylamide gel) using serum G 2. Immunoreactive species were detected using '25I-labeled protein A. M, marker antigens detected on the blot using serum W 10 (anti-SS-B recognizing the 50,000-mol wt antigen), B 16 (recognizing the 70,000-mol wt antigen), and G 2 (anti-Scl-86). 1, antigens recognized by serum G 2 in freshly prepared nuclear protein fraction; 2, 3, and 4, antigens recognized by serum G 2 in total nuclear protein fraction incubated at 37°C for 1, 2, and 16 h, respectively.
can predate the appearance of a clinical syndrome of CREST (24) . Similarly it was found that in 1 of 10 patients with Raynaud's phenomenon without progressive systemic sclerosis, anti-Scl-70 antibodies could be detected (15) . It would be interesting and important to know whether the presence of anti-Scl-86 antibodies could also predict the fact that patients are developing the diffuse form of scleroderma. We report the preliminary finding that indeed, this might be the case.
In a retrospective study we analyzed 18 sera from Raynaud's patients that were collected in 1978, 1980, and 1982 (25) (anti-SS-B) and G 2 (anti-Scl-86), respectively. The two autoradiopatient could definitively be diagnosed as having diffuse scleroderma, using the criteria of Masi et al. (19) . Another however, is the fact that not only the soluble but also the insoluble antigens can be detected. The results described in this paper can be summarized in three parts. First, within the group of 33 scleroderma patients tested, 14 patients had antibodies against an 86,000-mol wt nuclear protein (Scl-86). Antibodies against this antigen were detected in only three out of >250 patients with another defined connective tissue disease, and not at all in 54 healthy control sera. The presence of anti-Scl-86 antibodies seems to discriminate between the diffuse form of scleroderma and the CREST variant since it is primarily found in patients with the diffuse form of scleroderma (13 out of 22). Therefore, Scl-86 might be considered as a marker antigen for diffuse scleroderma.
Second, the Scl-86 antigen is a very insoluble antigen since it is found only in the so-called nuclear matrix fraction (Fig.  5 B) . It is not detected in the high salt fraction, which contains most of the chromatin material. The 86,000-mol wt antigen is present in a variety of cells including rabbit thymus, spleen, and liver. It is not present in detectable amounts in ENA prepared from rabbit thymus.
Third, it is possible that the occurrence of anti-Scl-86 antibodies is an early sign of the development of a full-blown diffuse scleroderma.
Our main conclusion is that antibody against Scl-86 seems to be characteristic for diffuse scleroderma (Table II) . For example, we could detect it in only one out of eleven (C)R(E)ST patients, and even this patient has clinical signs indicating that he possibly is developing diffuse scleroderma. It was described earlier that antibody against Scl-70 seems to be characteristic for progressive systemic sclerosis (15) . Indeed, all but one of the anti-Scl-86 antibody-containing sera also show anti-Scl-70 activity (Table I) , pointing to the possibility that sera of patients with diffuse scleroderma contain a tandem antibody, one to Scl-70 and the other to Scl-86. Another, in our view more likely, possibility is that both antigens are recognized by the same antibody, i.e., that both antigens have an extremely close chemical relationship. Scl-70 thus could be a degradation product of Scl-86, as suggested by the experiment shown in Fig. 4 . In our view, it seems quite possible that the undegraded antigen, Scl-86, a stable and rather insoluble protein with an almost neutral isoelectric point (as judged by 2D-gel electrophoresis, data not shown), after some proteolytic modification, can be transformed into a more basic and labile antigen of lower molecular weight that is also more soluble. However, further study is needed to establish the precise relationship between these two antigens.
Another question is why the Scl-70 antigen cannot be detected in ENA by immunoblotting, since precipitating systems in agarose double diffusion assays usually show up nicely on blots (compare the Sm/RNP system). For the detection of Scl-70 in immunodiffusion assays, one generally needs a 5-10 times more concentrated ENA preparation than necessary for the detection of, for example, anti-RNP or anti-Sm. This indicates that the Scl-70 concentration in ENA is rather low. It is possible that the limited amount of protein that can be loaded onto an SDS gel and can be transferred to nitrocellulose does not contain enough Scl-70 antigen for its detection by immunoblotting. Furthermore, part of the antigenic determinants on the Scl-70 antigen might be denatured by the SDS-PAGE procedure, further decreasing the detectability of this antigen.
An interesting observation is that anti-Scl-86 antibodies might predict that the patient is developing the diffuse form of scleroderma. It has been reported earlier that anti-Scl-70 antibodies might also have such a prognostic value (15) . Follow-up studies will give more definite answers as to whether a more sensitive detection of antibodies against distinct nuclear antigens, such as Scl-86, will have predicting values for diagnosis.
